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The impact on the general properties of HII galaxies in the 
local universe of the visibility of the [OIIIJA4363 line. 
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ABSTRACT 

We present a statistical study of a very large sample of HII galaxies taken from the 
literature. We focus on the differences in several properties between galaxies that 
show the auroral line [OIII]A4363 and those that do not present this feature in their 
spectra. It turns out that objects without this auroral line are more luminous, more 
metal-rich and present a lower ionization degree. The underlying population is found 
to be much more important for objects without the [OIII]A4363 line, and the effective 
temperature of the ionizing star clusters of galaxies not showing the auroral line is 
probably lower. We also study the subsamplc of HII galaxies whose properties most 
closely resemble the properties of the intermediate-redshift population of Luminous 
Compact Blue Galaxies (LCBGs). The objects from this subsample are more similar to 
the objects not showing the [OIIIJA4363 line. It might therefore be expected that the 
intermediate- redshift population of LCBGs is powered by very massive, yet somewhat 
aged star clusters. The oxygen abundance of LCBGs would be greater than the average 
oxygen abundance of local HII galaxies. 
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1 INTRODUCTION 

The term "HII galaxy" currently denotes dwarf emis- 
sion l ine galaxies undergoing v i olent star formation 
fVSF ^Memick. Terlevich. fc Moles! Il985l) . a process by 
which thousands of massive stars (m^20 Mq) have recently 
been formed in a very small volume (a few parsec in di- 
ameter) and on the timescale of only a few million years. 
HII galaxies comprise a subset of the larger class of objects 
referred to as "blue compact galaxies" (BCG). At optical 
wavelengths, the observable properties of HII galaxies are 
dominated by the young component of their stellar popu- 
lation and their spectra are essentially identical to those of 
Giant Extragalactic HII Regions (GEHR) in nearby spiral 
and irregular galaxies. The analysis of these spectra shows 
that many HII galaxies are metal poor objects, some of them 
- IZwl8, UGC4483 - being the most metal poor systems 
known. 

Although it was initially thought that HII galaxies are 
compact, essentially spheroidal, in fact they show a vari- 
ety of morphologies with an appreciable number of them 
having two or more componen ts and showing clear signs of 
interactions IITelles et al.l 19971 . Actually, IIZw40, one of the 
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first HII galaxies identified, when imaged at sufficiently high 
resolution lo oks like the re s ult of a merger of two separate 
subsystems jMelnick et alJ dl992h h 

The study of blue, compact star forming systems in the 
distant universe is an important ingredient in galaxy forma- 
tion and evolution theories. Although such systems probably 
were not much more powerful than many local HII galaxies, 
it is believed that they were much more common in the past 
than they are today and therefore they harboured a great 
amount of the star formation density in the universe. This 
fact makes of high redshift blue compact galaxies very inter- 
esting targets for observation. Unfortunately, since they are 
located at large distances, their study can only be carried 
out with a combination of Hubble Space Telescope providing 
high spatial resolution and 10-m class telescopes providing 
high collecting power. Nevertheless, data on this kind of ob- 
jects are accumulating fast. 

Luminous Compact Blue Galaxies (LCBG) are defined 
as very luminous (Mb ^ -17.5), compact (fiB ^ 21.5mag 
arcsec -2 ) and blue (B-V) ^ 0.6) galaxies undergoing a ma- 
jor burst of star formation (Hoyos et al. 2004). According 
to this definition LCBG, as a family, include the most lu- 
minous local HII galaxies. In principle, since they belong to 
the general category of emission line objects, the techniques 
used for their analysis are those already developed for the 
same class of objects in the local universe. However, in order 
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to interpret these analyses properly in terms of evolution, a 
good comparison sample needs to be available. 

There have been many studies of HII galaxies in the 
local universe, and the errors and uncertainities in the de- 
termination of their properties are supposed to be well un- 
derstood. However, due to the importance of the metallic- 
ity effects in controlling the gaseous emission line spectra, 
most of these studies have been restricted to a subsample 
that allows a good direct determination of their chemical 
abundances, through the detection and measure of the weak 
[OI1I] A 4363 A line. This implies the selection of the highest 
excitation objects which, in principle, can't be considered to 
be a good comparison sample. 

The purpose of the present work is to analyse a large 
sample of local universe HII galaxies. In particular two is- 
sues are addressed. The first one is the comparison of several 
observational parameter distributions for objects with and 
without measurements of the [OIII]A4363 A emission line 
and the statistical analysis of the whole HII galaxy sample 
to define their average properties. The second one is the sta- 
tistical study of a subsample consisting of the most luminous 
objects, local representatives of LCBG, and its comparison 
to the whole HII galaxy sample. 

The cosmology assumed through this paper is a flat 
universe with Ho=70km s _1 Mpc -1 . 



2 THE SAMPLE SELECTION. 

We have compiled published emission line measurements of 
local HII galaxies from different sources. The data gath- 
ered, together with the works we have used to compile the 
galaxy sample are given in table Q The vast majority of 
the objects selected for this study were discovered using 
Schmidt telescopes, searching for strong emission lines or 
blue colors. Sources with strong emission lines are easiliy 
detected through objective prism surveys. This technique is 
best suited to detect objects with high equivalent widths 
and line strengths. Objects with strong continua are lost 
in these surveys, since the emission lines are swallowed by 
the continuum. On the other hand, galaxies with weak lines 
which have evolved past their peaks of star formation but 
which are still quite blue are found through colour selection 
techniques. 

The objects from references 6 and 10 come from the 
j 1 1 ^ i 

Tololo (Smith, Aguirre, & Zemelman 1976) and University 
of Michigan (UM1 " ilMae^pimT Lewis, fc Smithl Il977f) ob- 
jective prism surveys. The limiting magnitude is about 19.0. 
The spectroscopic observations for these samples were taken 
using several telescopes and detectors, and the observing 
conditions were not always good. Some of the observations 
were carried out at Las Campanas 2.5m telescope, using 
narrow apertures. These observations therefore can't pro- 
vide absolute fluxes. They were also affected by second or- 
der contamination. The rest of the spectra were obtained 
using the 3.6m at ESO. The slit aperture was 8", and the 
spectrophotometry is accurate to 10%. 

The objects from reference 7 are the brigh test galaxies 
from the Calan- Tololo objective prism survey |Maza et alJ 
1989). Its limitinig magnitude is 17.5. The spectra were ob- 
tained using a variety of detectors (Vidicon, 2DF, CCDs), 



and the apertures used range from 2"to 4". The spectra were 
flux calibrated. 

The HII galaxies from reference 19 are l ocated in the 
voids of the digitized Hamburg Quasar Survey llHaeen et alJ 
Il995h . The limiting magnitude of the objective prism survey 
is 18.5. The data presented in this work were gathered us- 
ing the 2.2m telescope at the German-Spanish observatory 
at Calar Alto, Spain, under good photometric conditions 
using a 4" slit. This is enough to encompass most of the line- 
emitting region. 

The objects f rom the reference 15 were selected from 
the Case survey iPesch fc Sa nduleak 1983J). This survey 
searches simultaneously for both a UV excess and strong 
emission lines. The limiting magnitude is 16.0. The data for 
this spectroscopic follow-up study were obtained on 9 ob- 
serving runs, using different telescopes and detectors. The 
majority of the objects in this sample were observed using 
CCD detectors, and the spectra were flux calibrated. The 
slit widths used were 2.4" and 3.0". The spatial region ex- 
tracted spanned all of the line emission, but did not cover 
all of the continuum emission. 

The objects from the references 13, 14, 
16, 17 and 18 were taken from the first Byu- 
rakan Survey (FBS, a lso known as the Markarian 
survey, iMarkari an| |l9&7 ^) ) and the second Byuraka n 
survey (SBS) jMarkarian. Lipovetskii. fc Stepanianl Il983l) . 
The FBS is another objective prism survey that searches 
for galaxies with a UV excess, and its limiting photographic 
magnitude is 15.5. Selection of the SBS objects was done 
according to the presence of strong UV continuum and 
emission lines. The SBS was carried out using the same 
Schmidt telescope as the FBS, and its limiting photo- 
graphic magnitude is 19.5. The observations presented in 
13, 14, 16 and 17 are high S/N spectra, taken with the 
Ritchey-Chretien spectrograph at the Kitt Peak National 
Observatory (KPNO) 4m telescope, with the T2KB CCD. 
The slit width used was 2", and the nights were transparent. 
The spectroscopic observations from reference 18 were done 
using the Ritchey-Chretien spectrograph at the KPNO 4m 
telescope, and with the GoldCam spectrograph at the 2.1 
m KPNO telescope. In the majority of CEIS6S, 3, 2"slit was 
used. 

Initially, we compiled objects with data on, at least, the 
intensities of the following emission lines: [Oil] AA 3727,29 
A , [OIII] A 4363 A , [OIII] AA 4959, 5007 A , and [SII] AA 
6717, 6731 A . The hydrogen Balmer recombination lines 
were also required in order to allow a proper reddening cor- 
rection. The emission lines of [S HI allow the dete rmination 
of the electron density (see e.g. lOsterbrockl I1989T) and can 
also be used, as well as the lines of [Oil], to estimate the 
ionization parameter of the emitting gas. The intensities of 
the auroral and nebular [OIII] emission lines are needed in 
order to derive accurate values of the electron temperature, 
and hence of the oxygen abundance. Objects meeting these 
requirements belong mostly to references 6, 10, 13, 14 and 
16. For all the objects in these samples, data on the intensity 
and equivalent width of H/3 are provided. We have also in- 
cluded data from references 7 and 2, although they lack data 
on the H/3 equivalent width and line intensity respectively. 

Our initial sample was later enlarged to include objects 
with the same information as above but with no data on the 
[SII] lines, for which a low density regime was assumed. This 
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is probably not a bad assumption since the average electron 
density derived for the galaxies with [SII] data is around 200 
cm -3 . 

Finally, a third enlargement was made to include ob- 
jects with no reported measurements of the [OIII] A 4363 
A line. These may correspond to objects with low surface 
brightness and/or low excitation and are generally excluded 
from emission-line analyses of samples of HII galaxies since 
the derivation of their oxygen abundances require the use 
of empirical ca librations which are rather uncertain (see e.g. 
ISkillmanlll989ll . These objects represent, however, a large 
fraction of the observed HII galaxies. Most of them have 
been taken from references 6, 19 and 15. The latter refer- 
ence does not provide absolute intensities for the hydrogen 
recombination lines. 

The final sample comprises 450 objects: 236 with data 
on the [OIII] A 4363 A line and 214 with no observations of 
this line. These data have been obtained according to dif- 
ferent selection criteria and using different instruments and 
techniques, and the parent populations of the different sam- 
ples used are different. The presented sample can't be con- 
sidered as complete in any sense. In particular, line selected 
samples of galaxies are complete to a given line+continuum 
flux, whereas color selected samples will be complete to a 
given apparent magnitude. The galaxy sample presented 
here constitutes, however, the largest sample of local HII 
galaxies with good quality spectroscopic data, to our knowl- 
edge. However, the sample is very inhomogenous, due to dif- 
ferent instrumental setups, observing conditions and reduc- 
tion procedures. An accuracy analysis is therefore needed. 
This was done by comparing the observations for a few 
very well studied objects - e.g. IZwl8, IIZw40, Mk36 - 
for which several independent observations exist. We have 
treated them as individual data in order to examine the 
external observational errors. The average error in redshift 
determinations is 5%. The average error in H/3 fluxes is 45%, 
and the average error in the equivalent width of H/3, W/3 is 
16%. Bin widths in the forthcoming histograms were chosen 
to be wide enough to engulf these errors. It is also important 
to note that, however large these numbers seem to be, they 
were derived from the nearest, brightest and best studied 
objects. These sources are sensitive to the full range of the 
aforementioned uncertainities, and are particularly affected 
by aperture issues (several components, different position 
angles for the slit, etc). More distant objects will be less af- 
fected by such effects, and their measurements will probably 
be more accurate. The errors previously presented are likely 
to be upper limits to the real uncertainities. 

Tabled lists the emission line properties of the sample 
objects. Column 1 gives the name of the object as it appears 
in the reference indicated in column 2. Column 3 gives the 
galaxy redshift (cz). Columns 4 to 9 give the reddening cor- 
rected emission line intensities, relative to that of H/3, of: 
[Oil] AA 3727,29 A, [OIII] A 4363 A, [OIII] A 4959 A, [OIII] 
A 5007 A, [SII] A 6717 A and [SII] A 6731 A. Column 10 
gives the value of the logarithmic extinction at H/3, c(H/3). 
Column 11 gives the reddening corrected H/3 flux, in ergs 
cm~ 2 s _1 . Finally, columns 12 and 13 give the equivalent 
width of the H/3 and [OIII] A 5007 A lines in A. Only an 
example of the table entries are shown, the complete table 
being available in the online version of the paper. 



Table 1. Partial list of galaxies included in this study. 
Object. Reference. cz A3727 A4363 A4959 A5007 A6584 A6716 A6731 c(H/3) logF(H/3). Wp W : 
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3 STATISTICAL PROPERTIES OF THE 
GENERAL SAMPLE 

In the study of the ionised medium of star forming regions, 
the detection of the weak auroral line [OIII]A4363 A con- 
stitutes an important source of information. It allows the 
derivation of accurate electron temperatures and hence oxy- 
gen abundaces. Therefore, it is not surprising that most 
works on the ionized nebulae of HII galaxies focus on objects 
with data on this valuable line. In many sources however, 
this line is not present. In nearby objects, its proximity to 
the Balmer H7 line which often shows prominent absortion 
wings, and the sky Hg A 4359 A line complicates its mea- 
surement and the line is intrinsically weak in objects with 
a relatively low excitation. On the other hand, in the dis- 
tant universe, very few sources are expected to show the line 
since the cosmological dimming factor (1 + z) 4 , which at a 
redshift of only 0.4 is about 4, makes its detection very dif- 
ficult. The study of the properties of sources not showing 
the [OIII]A4363 A line is therefore of great importance in 
order to provide an adequate comparison sample to study 
the distant population of blue compact objects. 

For our study we have split the total HII galaxy sample 
into two subsamples. Subsample Subl comprises 236 objects 
with measurements of the [OIII]A4363 A line intensity. Sub- 
sample Sub2 comprises objects for which the [OIII]A4363 
A line is not reported or is too weak to be measured. This 
latter subsample consists of 214 objects. 



3.1 Subsample characterization. 

In order to get a picture of the observable properties of 
both subsamples, the distributions of the following quan- 
tities were drawn. 

(a) Observed H/3 flux, F(H/3). 

(b) Radial velocity, cz. 

(c) Extinction, c(H/3). 

(d) H/3 luminosity, L(H/3). 

(e) H/3 equivalent width, Wp. 

The corresponding histograms are presented in figures^ 
through|3 The H/3 flux and ~Wp distributions were drawn us- 
ing directly the reported data from the literature. The radial 
velocities were derived from the reported z values. However, 
in the cases in which this number was not given in the liter- 
ature, the distance value from the NED database was con- 
verted to radial velocities using the cosmology given above. 
The H/3 luminosities were derived from the luminosity- 
distances and from the extinction-corrected H/3 fluxes. We 
have neglected the solar system velocity with respect to the 
CMB, which is 370 km s _1 . This effect can only affect the 
luminosity calculations of the nearest objects. However, for 
the vast majority of sources, this does not introduce a big 
error since their radial velocities are much greater. Further- 
more, this additional error is engulfed by the log L(Hf3) 
histogram bin width. In all cases, the reddening was re- 
estimated from the available Balmer decrements. For the 
objects from reference 6 affected by second order contam- 
ination, only the objects for which the H7/H/3 decrement 
was available were selected. In some cases however, the na- 
ture of the data did not allow an accurate determination. 
Therefore, in order to minimize any spurious effects, objects 



With [OIII]A4363 A (222) 
Without [OIIIJA4363 A (188) 



s 



-14.7 -14.4 -14.1 -13.8 -13.5 -13.2 -12.9 -12.6 -12.3 

log(F(H|8)) 
Figure 1. Observed H/3 flux distributions. 
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Figure 2. Radial velocity distributions. 



with estimated values of the logarithmic extinction at H/3, 
c(H/3), larger than 1.5 were excluded from our analysis. Also, 
it is found that the extinction is low for most objects. For 
this reason, even if the determination of c(H/3) is affected 
by several issues such as underlying absorptions or the red- 
dening curve adopted, these factors will not have a great 
impact on derived quantities such as line luminosities or the 
[OIIIJAA4959 + 5007/ [Oil] A3727 ratio. Simple statistics on 
the presented distributions are given in tabled Table |2] also 
gathers the estimated error in each variable, and the bin 
width of the corresponding histogram. It is seen that the 
bin width is, in all cases, at least equal to the given error. 
We think that the conclusions drawn from these histograms 
are robust. 



Several points can be made from the presented his- 
tograms. Figure shows that the observed H/3 flux from 
galaxies without measurements of the [OIII]A 4363 A is 
lower than the observed flux for galaxies with data on this 
line. There is an evident excess of Sub2 members at low 
observed fluxes. On average, the flux from Subl objects is 
2.4 times greater than that of Sub2 members. In a num- 
ber of cases, the undetection of the [OIII]A4363 line will 
not be due to its weakness relative to other lines, but due to 
the general faintness of the observed emission line spectrum. 
Figures [5] and [3] show the redshift and extinction distribu- 
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Table 2. General properties of the galaxies studied. 
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Figure 3. c(Hj3) distributions. 
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Figure 5. Wp distributions. 
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log(L(H/3)) 
Figure 4. H/3 luminosity distributions. 

tions for both subsamples. It is seen that objects present- 
ing the [OIII]A4363 line are located at lower distances than 
Sub2 members. This will make the [OIII]A 4363 line easier 
to detect. Also, sources with the [OIIIJA4363 line seem to 
be less affected by extinction. The majority of objects pre- 
senting the auroral line have logarithmic extinctions lower 
than 0.5, while that is the average value of the extinction 
coefficient for subsample 2 sources. In some cases, the auro- 
ral line will be absorbed by dust and rendered unobservable. 
Figure |3] also shows that most HII galaxies present low ex- 
tinctions (c(H(3) ^ 0.6), implying that extinction will not be 
an important ingredient in the error budget. Finally, figure 
2] shows that, in spite of all these differences the H/3 lumi- 
nosity distributions are very similar for both subsamples, 
Sub2 objects being marginally more luminous. Regarding 



ionisation properties, figure |H| shows that Subl objects show 
higher H/3 equivalent widths. The H/3 equivalent width dis- 
tributions present a different shape too. This points to an 
evolutionary effect, in the sense that the ionising clusters of 
the objects not showing the [OIII]A4363 line might be more 
evolved. 

3.2 The mass of the ionising cluster. 

The mass of the ionizing cluster was calculated from the 
H/3 luminosities and equivalent widths using the following 
considerations. 

As the star cluster ages, the number of hydrogen ioniz- 
ing photons per unit mass of the ionizing cluster decreases. 
Assuming that the age of the ionizing cluster is related to 
W/3, a relation should exist between the number of hydrogen 
ionizing photons per unit mass of the star clu ster and Wg . 
Such relation is given for single-burst models in lDfazI il998f) . 
The expression used is 

\og(Q{H)/M t ) = 44.8 + 0.86 x logW^o 

In this relation, W/3,0 is the equivalent width, in angstroms, 
that would be observed in the absence of an underlying pop- 
ulation, Q(H) is the number of hydrogen ionizing photons 
per second and M* is expressed in solar masses. 

No direct information about the presence or absence 
of an underlying stellar populations exists. However, a well 
defined relation exists between and the degree of ion- 
ization of the nebula, albeit showing a scatter larger than 
observational errors. In figure HJ is plotted as a function 
of the [OIIIJAA4959 + 5007/ [Oil] A3727 ratio. If the degree of 
ionization is ascribed to the age of the ionizing star cluster, 
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Figure 6. Wa vs. excitation relation. 



Figure 7. Cluster mass distributions. 



it is reasonable to assume that the vertical scatter shown by 
the data is due to different contributions of continuum light 
from underlying populations. A least squares fit is presented 
as a solid line. The dashed line represents an upper envelope 
to the data which is located 1.5 times the rms above the fit 
and corresponds to the relation: 



log W/3,0 = 2.000 + 0.703 lof 



[QUI] 
[Oil] 



The objects located on this upper envelope are likely to 
be the ones in which the underlying population is mini- 
mum. We have used this upper envelope to calculate the 
mass of the ionizing cluster. There is, however, a metal- 
licity effect in figure |S| In the absence of any underly- 
ing stellar population, HII galaxies with higher metalicity 
clouds will present a lower [OIII]AA4959 + 5007/ [Oil] A3727 
ratio due to lower effective t e mpera ture s of their ionizing 
stars JPerez-Montero. fc Dfazl i2005l) and lKewlev fc Dopital 
(2002)). However, there will be no change in the equivalent 
width of H/3, to zero-th order. Therefore, W/3,o should be a 
function of both the ionization ratio and metallicity. How- 
ever, only the [OIII]AA4959 + 5007/[OII]A3727 will be used 
here. At any rate, the derived cluster mass constitutes only 
a lower limit since some photons might be actually escap- 
ing from the nebula, or there might be dust globules within 
the ionized medium. If a significant fraction of the ionizing 
photons escape from the nebula unprocessed, the ionizing 
star cluster will appear to be less massive than it really is. 
On the other hand, if the dust optical depth is large within 
the nebula, the absorbed energy will be re-emitted at other 
wavelengths, and the star cluster mass will be underesti- 
mated again. Observations at other wavelengths would be 
required to quantify these issues. Figure |7| presents the his- 
tograms of the ionizing cluster masses for both subsamples. 
The estimated error in log M, is 0.40, and the bin width is 
0.5. 



3.3 The [OIII]AA4959 + 5007/[OII] A3727 
distributions. 

Figure|Ushows the [OIII] AA4959 + 5007/ [Oil] A3727 distribu- 
tions. The estimated error in the ionization ratio is 0.2dex, 
and the bin is 0.2dex wide. It is seen that galaxies without 
the [OIII]A4363 line show lower ionization ratios. This sepa- 



ration in [OIII]AA4959 + 5007/[OII]A3727 can't be explained 
by uncertainties in the reddening determination, since the 
typical differences in c(H(3) observed between both subsam- 
ples would only change the ionization ratio by O.ldex, much 
less than the observed separation of 0.6dex. The ionization 
ratio was correlated with in figure |S| which is now re- 
examined in order to gain insight on what effects could be 
responsible for the segregation observed in figure |H1 We be- 
gin commenting on two possible evolutionary scenarios: 

(i) Long-term evolution. In the framework of succesive 
bursts scenario, as the continuum level and the amount 
of coolants rise, the ++ auroral line becomes fainter and 
might be swallowed under the continuum noise or stellar 
features. Objects without the auroral line would therefore 
show lower equivalent widths. Less luminous starbursts are 
not required in this scenario. 

(ii) Short-term evolution of the starburst. The W/3 of 
older clusters is lower than that of younger ones simply 
because they are less able to produce ionizing photons. 
This would make the [OIII] line naturally weak and un- 
observable even in the presence of a not-too-strong un- 
derlying population. This is likely to play a major role. 
Additionally, high- metallicity objects and/or very evolved 
ones might have a lower effective temperature which would 
produce a lower [OIIIJAA4959 + 5007/ [Oil] A3727 at com- 
parable ionization parameter. Figure |S| shows the W^ vs. 
[OIII] AA4959 + 5007/ [Oil] A3727 diagram. It can be seen that 
the observed galaxies, with and without [OIII] A 4363 are sep- 
arated. The two subsamples lie along the relationship, but 
on opposite ends of it. This suggests that Subl objects are 
tipically younger than Sub2 subsample objects, according to 
this picture. 

The real picture, of course, will be a combination of the two 
effects. 

Other, non-evolutionary possible reasons as to why the 
ionization ratio [OIII]AA4959+5007/[OII]A3727 may be low- 
ered are: 

• The ionization parameter depends on the mass of the 
ionizing cluster, since more massive clusters will harbour a 
greater number of massive stars. However, it can be seen in 
figureQthat the distribution of cluster masses for both sub- 
samples greatly overlap. Furthermore, figure [§] shows that 
objects without [OIII]A4363 have a lower ionization ratios 
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Figure 8. /OIII/AA4959 + 5007/ [Oil] X3727 distributions. 
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Figure 9. Ionization ratio vs. Cluster mass relation. 



4 METALLICITY ANALYSIS. 

The detection or undetection of the [OIII]A4363 line is af- 
fected by several purely observational factors such as dis- 
tance to the observed galaxy, galactic extinction, quality of 
the spectrum, etc. that should not correlate with the oxy- 
gen abundance. However, high oxygen abundances, implying 
low electron temperatures in the gas, could render the line 
too weak to be detected since the intensity of this auroral 
line depends on electron temperature. There are then two 
extreme cases. 

(i) The objects in subsample Sub2 are, on average, more 
metal-rich than the Subl objects. The [OIII] auroral line 
would then be naturally weak, and the absence of this line 
in a particular spectrum would bias the oxygen abundance 
of the ionized gas of a given galaxy towards higher metal- 
licities. There should be a separation in excitation between 
subsamples Subl and Sub2 in this case. It is seen in figure 
[SJthat this is indeed the case. However, it has to be borne in 
mind that a simple age effect would produce the same effect 
on the excitation and equivalent width distributions. 

(ii) The objects which do not show the [OIII]A4363 line 
have higher extinctions, their continuum is stronger or are 
affected by other observational problems. This may cause 
the auroral line to be swallowed in the continuum noise. 
The undetection of the auroral line would then be an obser- 
vational issue only, and the presence or absence of this line 
in the spectrum of a galaxy should not bias its metallicity 
in any way. 

Since our present knowledge of the metallicity distri- 
bution of HII galaxies comes from the analysis of samples 
for which the [OIIIJA4363 line is observed, it is important 
to check if the metallicity distributions of subsamples Subl 
and Sub2 really differ. 



than objects with the auroral line even for the most massive 
clusters. This indicates that cluster mass is not responsible 
for this segregation in [OIII]AA4959 + 5007/[OH]A3727. 1 

• If the electron density is higher than the [OII]A3727 
transition critical density, the ionization ratio is reduced. In 
particular, its value at N e = 10 4 cm -3 is 3.75 times smaller 
than its value at N e = 200cm -3 . Since HII galaxies have 
an electron density which is well below the critical density, 
this option is not likely to be responsible for the observed 
differences in [OIIIJAA4959 + 5007/[OII]A3727. However, it 
is a possibility for some objects. 

• Geometry, dust content and photon escape. If an im- 
portant fraction of the ionizing photons escape the neb- 
ula, the ionization parameter is low because of geometri- 
cal reasons, or a significant fraction of high-energy pho- 
tons are absorbed by dust within the nebula, this would 
weaken the ++ auroral line. These phenomena might be 
partially responsible for the segregation observed in the 
[OIIIJAA4959 + 5007/[OII]A3727 histogram. 



4.1 Metallicity analysis for Subl objects. 

For subsample Subl, the oxygen abundance was derived 
through the determination of the electron temperature us- 
ing the [OIII1A43 63/[OIII1A5007 line ratio. The procedure 
can be reviewed in lPagel et alj 1119921) . The density was esti- 
mated via the [SII] A6717/[SII] A6731 ratio, or assumed to be 
equal to 150 cm ~ 3 in the cases in which no [SII] line data 
exist, and the temperatur e in the [OH] zone was calcula ted 
using the models given in lPerez-Montero fc Di'azl (120031) . 

The oxygen abundance distribution derived for subsam- 
ple Subl is presented in the histogram in figure 1101 It is 
very similar to the ox ygen content histogram presented in 
iTerlevich et al.l <ll99lf) both in average value and scatter. 

4.2 Metallicity analysis for subsample Sub2 
objects. 

For subsample Sub2, the procedure to estimate the metal- 
licity is more complicated. 



4-2.1 Objects with nitrogen measurements. 



1 And it also indicates that subsampling of the Initial Mass Func- 
tion, which lowers the ionization ratio (the so called richness ef- 
fect) may not account for all the separation. 



It was possible to derive oxygen abundances for 81 out 
of the 214 sources u sing the N2 calibration introduced in 
iDenicolo et"al (1200211 . 
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Figure 10. Metallicity distribution. Objects with [OIII/A4363. 
236 objects included. 

12 + \og(0/H) = 9.12 ± 0.05 + 0.73 ± 0.10 x log N2 

where N2 is the [N HA6584] /Ha ratio. 

It was shown in lPerez-Montero. fc Dfazl (120051) that, in 
the case of HII galaxies, this calibration produces good re- 
sults. The average metallicity of this set of 81 sources is 
8.50 dex, and the rms is 0.27 dex. The minimum oxygen 
abundance is 7.8 dex. This group of galaxies is somewhat 
biased towards higher oxygen abundances with respect to 
Subl sources. 

4-2.2 S/N approach and the use of the \Pilvuairi \200A) 
calibration. 

We have also used another independent approach to derive 
the oxygen content of Sub2 sources. First, we have used the 
signal-to-noise ratio of each spectrum, when available, to 
find an upper limit to the [OIIIJA4363 line strength. This 
allows us to impose an upper limit on the electron tem- 
perature and hence a lower limit to the oxygen abundance. 
Only the references 6, 15, 18 and 19 provide the necessary 
information to carry out this first task. This set of objects 
consists on 210 objects. Once such lower limits were calcu- 
lated, those objects for which the lower limit to 12 + log O/H 
was greater than 8.15 dex (104 objects) were selected and 
their oxygen abundance was derived using the calib ration for 
the upper branch of the R 23 - 12 + log (O/H) bv lPilvuginl 

feoooh . 2 

The value of 12 + log O/H derived in this way turns out 
to be larger than 8.15 only in 59 cases. There are however 33 
objects whose metallicities fall in the range from 7.95 to 8.15, 
within the statistical error of the calibration used. These 
metallicities are then still compatible with our assumption 
of 12+\og(0 / H) 8.15. The remaining 12 objects for which 
the derived metal content is lower than 7.95 were excluded 
from the analysis. There are therefore 92 sources for which 

2 For 14 objects the method used to derive the signal-to-noise 
ratio yielded negative upper limits to the electron temperature. 
In these cases, the undetection of the auroral line might be as- 
cribed to other issues not related to the signal-to-noise ratio like 
the absorption wings of H- 1 or spectral resolution effects. These 
sources were excluded from the analysis. 



the calibration from IPilvuginl i2000f) gives potentially reli- 
able results. This set of 92 sources has 17 objects in common 
with the 81 sources previously mentioned with metallicities 
derived from the [NIIJA6584 line. For these 17 objects both 
determinations of the oxygen abundance agree in the mean 
(the mean value of the difference is O.Oldex), although the 
scatter is rather large (rms=0.25).The residuals are found 
not to depend on the ionization ratio. 

The metallicity distribution for this set of 92 objects 
is compared to that of Subl galaxies in figure fTTl It can be 
seen that both distributions overlap and show high power at 
around the same metallicities. The biggest difference arises 
around 12 + log (O/H) = 8.00, at which there is almost a 
factor of two difference in the fraction of objects, but oth- 
erwise the distributions are similar. It is also interesting to 
note that there are objects with [OIIIJA4363 at all oxygen 
abundances traced by objects without the line, even at fairly 
high oxygen abundances like 8.6 dex. For relatively metal- 
rich objects (12+log (O/H) 7.95), those without the auro- 
ral line are only around 0.1 dex more metal rich than objects 
showing the line, according to the calibration used. 

In order to investigate to what extent this method is af- 
fected by the differences in ionization degree among our ob- 
jects, we have examined the dependence of the derived oxy- 
gen abundances on the [OIII] AA4959, 5007/[OII]A3727 ratio. 
This is shown in figure [T2*l It is seen that at low ionization 
([OIIA4959 + 5007]/[OII]A3727 less than 1.0) the metallic- 
ity scatter for Sub2 objects is rather large. Some galaxies 
have a derived metallicity of around 9.2dex, and the lowest 
metallicities derived for Sub2 galaxies are also found in this 
regime. It is also interesting to note that, at high ionizations, 
it is possible to find Subl sources in a quite large range of 
oxygen abundances. 

As a sanity check to test this method, it is applied 
to Subl sources. Figure 1131 shows the metallicity resid- 
uals (log(0///)pii yugin . - log(0///) diroct .) plotted against 
log [OIII] /[Oil]. It can be seen that the S /N- dPilvugml (l2000ll 
method slightly underestimates the oxygen abundances at 
low ionization. At higher values of log [OIII]/[OII] the resid- 
uals are closer to zero. We conclud e that, fo r most sources, 
the use of the upper branch of the IPilvuginl i2000l) calibra- 
tion provides reliable results, perhaps underestimating the 
metallicity for low ionization objects by around 0.2dex, even 
less for high-ionization objects. 

We now turn to examine IPilvuginl i2000h algorithm 
more closely. This method is based in a concept which may 
be named "metallicity equivalence class". For the upper 
branch, this means that objects with equal ionization and 
equal R2 =[OH]A3 727/H/3 have e qual oxygen abundan ces. 

According to IPilvuginl (1200011 and IPilvuginl (1200 ill , the 
following quantities are defined: R2 =[OII] A3727/H/3, X2 = 
logR 2 ; R 3 =[OIII]AA4959 + 5007/H/3, X 3 = logi? 3 ; #23 = 
R2 + R3 X23 = log R23 ; Pi = X 2 - X23 and pz = X 3 - X23 ■ 

Figures mi and H31 present the X2 vs. P2 for both sub- 
samples, and only for subsample Sub2 respectively. Objects 
belonging to the same "metallicity equivalence class" lie on 
the same straight line. The metallicity depends on the in- 
tersect at P2 = of these lines. It can be seen that very few 
Subl objects lie at values p2 ^ —0.3, while many Sub2 ob - 
jects occupy that area. This suggests that IPilvuginl (I2000T) 
method may not be ad equate for low-ionization sources, 
since the IPilvuginl j200Cf) calibration was constructed using 



10 C. Hoyos and A. I. Diaz 



With [OIIIJA4363 A (149)- 
Without [0III]X4363 A (92) ■ 



With [OIII]A4363 A (336) • 






-Without [0III]\4363 A(314) * 


• 




• 




J - 


• • 













-1.6 -1.2 



12+log(0/H) 



-0.9 -0.6 
P Z 



Figure 11. Mctallicity distribution. The oxygen abundance was 
derived using the Pilyugin (2000) calibration for the objects with- 
out (OHI/A4363. The oxygen abundance was derived using the di- 
rect method {or the subsample with (OHI/A4363. The difference 
in the mean metallicitics is O.ldex. 



Figure 14. X2 vs. p2- All objects from both subsamplcs. 
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Figure 12. Metallicity against [OIII] AA4959 + 5007/fOII/A3727 
ratio. For Subl objects, the direct oxygen abundance is presented. 
For Sub2 objects the S/N+Pilyugin (2000) method was used. 
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Figure 13. Mctallicity residuals vs. log [OIII]/[OII] . Only sources 
from the Subl subsample are plotted. 58 galaxies presented. It 
is seen that Pilyugin (2000) calibration has underestimated the 
oxygen content of these sources, specially at low ionizations. At 
higher ionizations the residuals are closer to zero. 
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Figure 15. X2 vs. p2- Subsample Sub2 objects only. 



objects for which it was possible to derive oxygen abun- 
dances by direct methods. 

In the low -ionization limit, the upper branch of the 
IPilvugiril teOOCt) calibration becomes: 

12 + log O/H = 9.54 - 1.68 log R 2 - 0.55[OIII]/[OII] 

In this expression, when the [OIII] /[Oil] ratio is very 
low, the calibration becomes sensitive to R2 only. The large 
scatter in X2 observed in figure [TBI for low ionization (p2 ^ 
—0.3) Sub2 objects will therefore introduce a large scatter in 
oxygen content for these sources which is probably unphys- 
ical since it is not observed in low-ionization sources from 
the first subsample in figure WI\ 

It is then neccessary to re-calibrate the 12 + log (O/H) — 
R23 relation for objects of very low ionization degree. In 
order to do this, we have used a sample of low-ionization 
objects for which the oxygen abundance can be determined 
using direct methods. This sa mple has been selected from 
IPerez-Montero. fc Dfazl J2005T) and is given in table [3] The 
calibration is shown in figure [TBI 



A simple linear fit 12 + log (0/H)-log R23 gives: 
12 + log (O/H) = (8.82 ± 0.20) - (0.845 ± 0.31) x log R23 
whose rms is 0.3 dex. This new calibration allows to 
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Table 3. List of galaxies used to derive the low-ionization calibration. 



Object. 


rcf 


X23 


log([OIII]/[OII]) 


(O/H) 


iV e (cm- 3 ) 


N604C 


Diaz et al. (19871 


0.58 


-0.28 


8.33 


122 


N604E 


Diaz et al. (19871 


0.66 


-0.10 


8.09 


50 


N3310B 


Pastoriza et al. (19931 


0.74 


-0.11 


7.97 


221 


N3310E 


Pastoriza et al. (1993) 


0.77 


-0.06 


8.16 


177 


VS38 


Garnett et al. (19971 


0.51 


-0.16 


8.15 


129 


VS35 


Harnett et a] (19971 


0.63 


-0.13 


8.21 


61 


VS44 


Garnett et al. (1997) 


0.68 


-0.15 


8.02 


181 


VS41 


darnptt pt al f1QQ7^ 

VJ<jjI Li L Li <X1 . \ _L rj 1 ) 


0.58 


-0.04 


8.25 


50 


VS24 


Garnett et al. C1997) 


0.62 


-0.14 


8.55 


79 


VS21 


Clarnptt pt al MQQ7^ 

^Ttlil 11L Li L Li CLL . | 1 ) 


0.63 


-0.66 


8.34 


50 


VS3 


Garnett et al. ( 1997) 


0.64 


-0.02 


8.48 


67 


N79E 


Dennefeld & Stasinska (19831 


0.64 


-0.19 


8.08 


50 


H40 


Ravo et al. ( 19821 


0.58 


-0.39 


8.62 


115 


NGC595 


Vilchez et al. ( 19881 


0.61 


-0.05 


8.18 


50 


NGC7714 


French (19801 


0.65 


-0.015 


8.00 


752 


NGC3690 


French (19801 


0.63 


-0.19 


8.18 


137 


HS1610+4539 


PoDescu & Hodd (20001 


1.03 


-0.03 


7.93 


50 


Searle5 


Kinkel & Rosa (19941 


0.33 


-0.84 


8.88 


50 


H13 


Castellanos et al. (20021 


0.70 


-0.16 


8.24 


80 


H3 


Castellanos et al. (20021 


0.88 


-0.41 


8.23 


50 


HI 


Castellanos et al. (20021 


0.24 


-0.23 


8.31 


50 


H5 


Castellanos et al. (20021 


0.46 


-0.51 


8.24 


50 


CDT1 


Castellanos et al. (20021 


0.58 


-0.50 


8.95 


130 


CDT3 


Castellanos et al. (20021 


0.58 


-0.55 


8.56 


223 


CDT4 


Castellanos et al. (20021 


0.61 


-0.34 


8.37 


118 
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Figure 16. 12 + log (0/H)-logi?23 calibration for low ioniza- 
tion objects. This empirical calibration is used for low ionization 
sources from the second subsamplc. 



Figure 17. Metallicity vs. [OJIT/AA4959 + 5007//OJI/A3727 ratio. 
Pilyugin's 2000 and low-ionization empirical calibration used. 



rederive the oxygen abundance for the Sub2 sources of very 
low ionization. 

This change in the metallicity derivation for low- 
ionization objects represents an improvement as can be 
seen in figure 1171 in which the oxygen content of low- 
ionization sources were calculated using the empirical cal- 
ibration given above. The large metallicity scatter of low- 
ionization sources from subsample 2 has been greatly re- 
duced. The behaviour observed in figure 1171 is compati- 
ble with the evolutionary mod e ls and data presented in 
IStasinska. Schaerer. fc Leithererl {2001). The galaxies pre- 
sented in figure 1771 overlap with the bulk of the data points 
presented in that work. 



It was also mentioned above that figure fl~2l shows that, 
in the case of objects from the subsample with [OIII]A4363, 
the high ionization objects are observed at all metallicities; 
on the other hand, at low ionizations only objects with av- 
erage oxygen abundances are seen. In the case of the 92 
objects from the second subsample, there is also a positive 
correlation between oxygen content and ionization degree. 
The existence of this positive correlation was ascertained 
using Spearman's test on the data presented in figure 1171 
To all practical purposes the test indicated the existence of 
a fairly strong (p — 0.44) positive correlation. This corre- 
lation is worrying since higher metallicity nebulae should 
show lower ionization degrees unless the ionizing radiation 
is unusually hard. However, it is seen in figure \TSl that the 
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O.e _ With [OIIIJA4363 A ( 236) 



Without [0IIIJA4363 A (156) 

Both. ( 392) — 




76 7.8 8.0 83 

12+log(0/H) 

Figure 18. Metallicity distributions for both subsamples. Full 
metallicity range shown. For Subl objects, the oxygen abundance 
was derived using the direct method. For Sub2 objects, oxygen 
abundances were derived from the empirical calibrations of Deni- 
colo ct al (2002) (81 objects), Pilyugin (2000)(68 objects) or the 
low-ionization calibration given in fisurc TToY 7 objects). 



"With [0III1A4363 A ( 236) • 
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ESS?***. 



-0.6 0.6 1.2 

log([OIII]\A4959 ■ 5007/[OIIjA37a7) 

Figure 19. Metallicity vs. ionization ratio. All sources. 



upper branch of the IPilvuginl l)200rf) calibration understi- 
mates the oxygen content for sources of lower ionization de- 
gree. This means that sources with lower ionization ratios 
(log[OIII]AA4959 + 5007/[OII]A3727 < 0.6) prob ably have 
higher metallicities than those derived from the IPilvuginl 
(2000) calibration, suggesting that this unphysical correla- 
tion is an artifact introduced by the calibration itself. This 
also indicates that objects with both high oxyg en abun- 
dance and high ionization degrees do exist, since IPilvuginl 
( 2000) calibration becomes better at high ionization ratios. 
These sources are likely to be powered by very hot radiation 
sources. 

Summarizing, using the N2 calibration for the objects 
from subsample Sub2 with the [NII]A6584 line available(81 
objects), the empirical calibration f or low-ion i zation objects 
presented above (7 galaxies) and the lPilvuginl (1200(f) calibra- 
tion for the upper branch (68 objects) of the 12 + log (O/H)- 
log 7?23 relation for high-ionization sources, the new metallic- 
ity distribution for the subsample without [OIIIJA4363 can 
be compared to the oxygen abundance distribution for the 
first subsample. This comparison is presented in figure [TH1 

Figures 1181 show that the oxygen abundance distribu- 



tions for both subsamples do differ. Objects without the 
auroral line are, on average, at least 0.4 dex more metal rich 
than objects with it. Therefore, it is concluded that objects 
without the [OIIIJA4363 line are likely to be of higher met- 
alicity than objects with it. In addition, very low ionization 
objects are only found among objects which do not show 
[OIIIJA4363. Finally, figure H9l shows the relation between 
metallicity and ionization ratio for all objects for which 
an oxygen abundance has been derived. As expected, the 
global correlation is negative, and both subsamples create 
a well-defined sequence. The objects for which the oxygen 
abundance was derived either from the calibration p resented 
above or the upper branch of the IPilvuginl d200fjl calibra- 
tion lie on the region shared by the first subsample and 
the objects with [NIIJA6584 measurements from the second 
subsample. The calibration used makes their oxygen abun- 
dances to be those of objects with [OIIIJA4363 of similar 
ionization ratio. However, figure [T3l shows that for low ion- 
ization sources with [OIII]A4363, the use of the IPilvuginl 
(2000) calibration underestimates the oxygen abundance by 
0.15dex. This opens the possibility that the oxygen content 
of low-ionization s ubsample Sub2 sources whose metallicity 
was derived using IPilvuginl fcOOOt) expressions or the low- 
ionization calibration introduced here might be underesti- 
mated. If this turns out to be the case, and some fraction of 
these low-ionization sources actually lies closer to the other 
members of the second subsample with nitrogen measure- 
ments in figure [T9l the separation in oxygen abundance be- 
tween subsamples Subl and Sub2 would be somewhat larger. 



5 THE LCBG-LIKE SUBSAMPLE. 

Luminous Compact Blue Galaxies, hereafter LCBGs, are the 
high luminosity end of BCGs. They are operationally defined 
as luminous (Mb more luminous than -17.5), blue (B — V 
bluer than 0.6) and compact u, B 21.5mag arcsec -2 sys- 
tems. Their spectra indicate that they are undergoing a ma- 
jor starburst, which produces a significant fraction of their 
light output. This starburst enhances their surface bright- 
nesses, making it possible to see them at large distances. 
Hubble Space Telescope images of LCBG show the presence 
of an important underlying stellar populat ion too. Spec- 
trosco p ic studies of LCBG can b e found in IGuzman et all 
Jl997h . |pnTllips et alJ dl997f) and lHovos et all d2004l). HST 
imaging is presented and discussed in | Ko ^^iiT TH)94T) and 
IGuzman et all lll998ft . In lGuzman et alJ J19971T LCBGS are 



divided into HH-li ke and Nuclea r Starb urst-like types. The 
work presented in iHovos et al.l (|2004) further highlit ghts 
the similarities between LCBGs and the most luminous HII 
galaxies. 

5.1 Definition of LCBG-like HII galaxies. 

At least some fraction of the population of intermediate- 
redshift LCBGs can be considered t o be very similar to 
bright, local HII g alaxie s (see again Guzman et al] Il997l . 
iPhillips et all 119971 and IHovos et all bo04h . We "here de- 
fine LCBG-like HII galaxies as the subsample of local HII 
galaxies whose preperties resemble those of higher-redshift 
LCBGs. 

In order to extract such subsample of local HII galaxies 
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Figure 20. Mb vs B c calibration. Black, solid dots represent 
objects from reference 19. Open squares are objects from ref- 
erences 13, 16, 17 and 18. Small symbols: galaxies further than 
cz = 3600km s _1 . medium symbols: galaxies in the range 1800km 
s _1 $J cz $C 3600 km s _1 . Big symbols:galaxies nearer than 1800 
km s . 



with properties similar to higher-redshift LCBGs, the first 
step is to find galaxies more luminous than Mb = —17.5 
in the sample studied here. The approach we adopt is to 
represent the observed blue absolute magnitude (Mb) versus 
the estimator of the blue a bsolute magnitude presented in 
iTerlevich fc Melnickl l)l98lfr (B c ). 



B c = 79.4 - 2.5 lot 



L(#/?)ergs- 
Wp(k) 



This calibration is introduced to take into account pos- 
sible aperture/distance or line contamination effects. The 
number B c only probes the continuum strength of the frac- 
tion of the galaxy that fell inside the slit, but the blue abso- 
lute magnitude is sensitive to all light within the passband. 
This calibration tries to correct for these effects with the 
aim of deriving an estimate of the blue absolute magnitude 
for the galaxies we are studying. 

The calibration is shown in figure 12771 This plot presents 
Mb vs. B c for the galaxies from the references 13, 16, 17, 
18 and 19 for which Mb was available. In the case of galax- 
ies from the Hamburg Q uasar Survey, Mb was reported in 
iPopescu fc HqppI (I2000T) . In the case of galaxies from the 
First and Second Byurakan Surveys, Mb was found in the 
NED or HyperLeda databases. The straight line shown is a 
least-squares fit to the calibration. The fit expression is: 

M B = 0.64 ± 0.06B C - 6.3 ± 1.0 

Its scatter is around 1.0 magnitudes, and the resid- 
uals are found not to depend on log(Slit Width x cz). In 
figure | 20 | Br was calculated using spectra with slit widths 
of 4" <Popescu fc HqppIEoOoI) and 2" (objects from the Byu- 
rakan surveys). Most spectra in this work were taken with 
apertures between these two sizes, so the above calibration 
can be applied for them. Aperture effects for spectra taken 
with larger apertures or of more distant objects will likely 
be less important. According to this calibration, objects be- 
longing to the LCBG-like subsample are required to have B c 
lower than -17.5, which is the limit adopted. 

The color requirement was not straightforward to apply, 
because not many B — V colors for the HII galaxies included 



in the sample were available in the literature. For this reason, 
a simple alternative method, based on spectroscopic criteria 

had to be developed. 

The galaxy s ample presented in ICairos et alJ (l2001al) 
and lCairos et all (l2001tj) provides with B — V colors for a 
sa mple of 28 blue compa ct galaxies, six of them appear in 
the ITerlevich et all il99lf) catalogue. This smaller sample is 
shown in table 



The adopted approach is to derive a least-squares fit to 
the observed colors as a function of the continuum strength 
ratio x = [Oin]A 5 007xw 3727 _ The fit ^ 

[OIIJa3727xW 4959+5007 

B - V = (0.54 ± 0.04) + (0.35 ± 0.16) log x 

Using this expression, the color condition is translated 
into 1.57 ^ x, which is the condition applied. 

Unfortunately, not all references report the observed 
equivale nt widths of the two ox ygen lines required. Again, 
only the ITerlevich et alJ (Il99lf) catalogue provides all the 
information. 

However, all the objects from ITerlevich et al.l Jl99lf) 
which show [OIIIJA4363 included in the presented sample 
meet this requirement, and 96% of the object s without the 
auroral line from the ITerlevich et alJ Jl99lf) sample also 
match the condition. Therefore, it is assumed that all the 
HII galaxies studied satisfy this condition. 

This is not surprising, since the objects presented here 
were selected from objective prism surveys searching for ei- 
ther strong emission lines or UV excesses. The Tololo and 
UM surveys, looking for strong lined objects will pick up 
very blue objects, or compact starbursts with a weak con- 
tinuum due to the presence of massive, young blue stars. 
The Markarian or Byurakan surveys, searching for galaxies 
presenting a UV excess naturally select blue objects. In ad- 
dition, in these surveys, the photographic plates were more 
blue sensitive. 

Unfortunately, no constraint on the surface brightness 
or half-light radius can be used with the data at hand. 
Galaxies satisfying the first two criteria are said to belong 
to the LCBG-like sample. 

In total, 50 objects from subsample Subl and 117 
sources from the subsample Sub2 were selected. These 167 
objects are considered to be LCBG-like HII galaxies. 



5.2 Properties of LCBG-like objects. 

The aim of this work is to see where LCBG-like sources 
properties fit within the frame of HII galaxies in general. 
In order do this, the distributions of several quantities were 
drawn. Figures l2*Tl to 1281 give the corresponding distributions 
of the quantities. 

Figure 1211 indicates that LCBG-like HII galaxies are 
mainly found at large distances. Only a tiny fraction of 
LCBG-like sources is located at redshifts lower than ~ 0.01, 
while this is the median value of the redshift distribution for 
less luminous systems. Figure l22l shows that the observed H/3 
flux distribution from LCBG-like objects is remarkably sim- 
ilar to that of the whole sample. In figure 1^3*1 it is seen that 
almost all LCBG-like galaxies have H/3 luminosities greater 
than 10 40 erg s _1 . Only around 20 normal HII galaxies out 
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Table 4. Galaxies used to re-define the color-criterium. Notes: (a) For Mrk370 and IIZw71 this number is defined as 1.3 X Wsoor; (b) 
This is the reddening-corrected I\/I/3 ratio; (1) Given values are Hflweighted averages of the different zones defined in the respective 
papers; (2) Integrated spectrophotometry. 



Object 


B-V 


ref 


[OII]A3727(b) 


[OIII]A5007(b) 


14/3727 


w 


W4959+5007 (a) 


Tol0127-397 


0.56 


Terlevich et al. ( 1991) 


3.278 


2.164 


73 


38 


130 


UM417 


0.36 


Terlevich et al. ( 19911 


0.330 


5.566 


20 


144 


903 


Mrk370(l) 


0.48 


Cairos et al. ("20021 


2.803 


1.678 


60.7 


17.0 


37.5 


IIZw40 


0.52 


Terlevich et al. f 19911 


0.440 


7.76 


79 


268 


2122 


Mrk36 


0.39 


Terlevich et al. ( 19911 


0.988 


5.506 


42 


70 


432 


UM462(1) 


0.47 


Terlevich et al. ( 19911 


1.777 


5.320 


96.1 


102 


615.8 


IIZw71(2) 


0.55 


Jansen et al. ("20001 


4.397 


2.49 


33.2 


7.5 


22.53 
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Figure 21. Radial velocity distributions. 
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Figure 23. H/3 luminosity distributions. 
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Figure 22. Observed H/3 flux distributions. 



All HII galaxies. ( 403)' 
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Log(M.) 

Figure 24. Mass of the ionizing cluster distributions. 



of 242 are found with line luminosities greater than 10 erg 
s _1 . This suggests that a line luminosity around 3 x 10 40 erg 
s _1 might be considered as the cut-off for HII galaxies sim- 
ilar to LCBG. This is a very important difference, since it 
means that this bright subsample of HII galaxies is powered 
by a greater number of stars. This is confirmed in figure 12^1 
which presents the log M* distribution for both samples. It 
is seen that LCBG-like HII galaxies have ionizing cluster 
masses greater than 10 6 Mq. Only 20 lower-luminosity HII 
galaxies have clusters that massive. However, since the cal- 
culated masses are only lower limits to the actual values due 
to photon-escape, presence of dust and the systematic error 



in the starburst equivalent width introduced by the underly- 
ing, non-ionizing population (partially corrected for by the 
use of the upper envelope of the Wp vs. log([OIII]/[OII]) 
presented in figure 0, LCBG-like HII galaxies will harbor 
ionizing cluster much more massive than this limit. This 
is the single, most important difference between LCBG-like 
HII galaxies and lower luminosity systems. The extinction 
distribution, shown in figure l231 indicates that there is a lack 
of LCBG-like sources with very low extinctions. At higher 
dust contents, c(H/3)^ 0.30, both distributions follow each 
other rather closely, though. This distribution also shows 
that bright HII galaxies are not affected by uncertainties 
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Figure 25. c(H[3) distributions. 



Figure 28. Mctallicity distributions. 
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Table 5. Normalised dot products between LCBG-like subsamplc 
histograms and subsamples Subl and Sub2 probability densities. 



310 372 434 



Property. 


With 


Without 


B c 


0.622 


1.228 


LH/3 


0.911 


1.085 


log[OIII]/[OII] 


0.560 


0.955 


c(H/3) 


0.446 


0.965 


Wfs 


0.889 


0.880 


logM, 


0.735 


1.123 


12 + \og(0/H) 


0.905 


0.935 



Figure 26. Wp distributions. 



in the extinction to a greater extent than the rest of the 
galaxies studied. 

Figure I2u1 shows the existence of an upper limit to the 
equivalent width of the more luminous systems of around 
200 A. The median values are 46. 5A for the LCBG-like sub- 
sample and 77. 5A for the rest of less luminous systems. 
These numbers show that large equivalent widths are mainly 
found among low luminosity HII galaxies and young star- 
burst ages. Therefore, LCBG-like HII galaxies have probably 



All HII galaxies. 
LCBG-like sources. 
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log([0HI]\X4959+5Q07/[0II]A3737) 
Figure 27. Ionization ratio distributions. 



built larger underlying stellar populations. This is further 
supported by the fact that the LCBG-like histogram shows 
a higher occupation number at very low equivalent widths. 
Figure 1271 shows that the excitation is lower in LCBG-like 
HII galaxies. This suggests that the ionizing star clusters 
of LCBG-like HII galaxies are probably more evolved than 
those of less luminous HII galaxies. The oxygen abundance 
of LCBG-like systems compared to the whole sample can be 
seen in figure |2"51 This plot shows that there is a slight bias 
in the metal content. LCBG-like galaxies never show oxy- 
gen abundances lower than 7.6. At the same time, a very 
metal-rich object is more likely to be a LCBG-like galaxy. 
However, there seems to be no relationship between metal- 
licity and luminosity since LCBG-like galaxies span pretty 
much the same metallicity range as the bulk of the whole 
sample of HII galaxies. In addition, figure 1281 shows that 
the observed differences in the distributions of the ioniza- 
tion ratio shown in figure Wf\ can't arise from a metallicity 
effect. 

It is also enlightening to see whether LCBG-like galax- 
ies are similar to HII galaxies with [OIIL1A4363, or if they 
resemble HII galaxies without the auroral line. In order to do 
this, the dot product between the LCBG-like subsample and 
both Subl and Sub2 subsamples probability densities pre- 
sented above (i.e. the histograms) were derived. Even though 
the probability densities for subsamples Subl and Sub2 are 
not orthogonal for any property studied, this should indicate 
which subsample is more similar to LCBG-like galaxies. 



Table clearly shows that LCBG-like sources are more 
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similar to objects not showing the auroral line [OIII]A4363. 
This table indicates that if a distant LCBG does not show 
the [OIII]A4363 line, it is likely that this object will present 
a massive underlying stellar population, high metallicity and 
low ionization. 



is operated by the Jet Propulsion Laboratory, Califor- 
nia Institute of Technology, under contract with the Na- 
tional Aeronautics and Space Administration. We have also 
used the HyperLeda database, which can be reached at 
http:/ /www-obs. univ-lyonl.fr/hypercat/intro. html 



6 SUMMARY AND CONCLUSSIONS. 

We have conducted a statistical study of a very large spec- 
troscopic sample of HII galaxies from the literature. We have 
compared galaxies with and without the [OIII]A4363 line, 
and we have defined a control sample which can be used to 
investigate the nature of LCBGs at intermediate z. 

It has been found that H/3 fluxes are larger for objects 
showing the [OIII]A4363 line, even though the H/3 luminos- 
ity distributions for galaxies with and without the auroral 
line are very similar. This is in part because objects not 
showing the auroral line are more distant and their extinc- 
tion is higher. However, it has been shown that the undetec- 
tion of the [OIII]A4363 line is a real metallicity effect for at 
least some fraction of cases. Objects without the auroral line 
are about 0.4dex more metal rich than objects from subsam- 
ple Subl. The analysis of the [OIII]/[OII] to 12 + log(0/tf ) 
relationship reveals the existence of high-ionization, metal 
rich objects without the auroral line. Objects from the sec- 
ond subsample are found to harbour more massive star clus- 
ters, although the differences in excitation between the two 
subsamples indicates that subsample Sub2 sources are prob- 
ably powered by somewhat older star clusters. 

LCBG-like sources are clearly further away than the 
average local HII galaxy. The H/3 luminosities of LCBG- 
like systems are much greater. This is a very important dif- 
ference between the two subsamples. We have also found 
that their ionizing star clusters are more massive that those 
of lower luminosity HII galaxies. LCBG-like HII galax- 
ies have been found to posses larger (and hence probably 
older) underlying populations, and their ionizing star clus- 
ters are also more evolved and massive. LCBG-like sources 
are marginally more metal-rich than the average HII galaxy, 
but not enough to explain the observed differences in the 
ionization ratio [OIII]/[OII]. 

We have also shown that LCBG-like sources are more 
similar to objects without the auroral line [OIII]A4363, im- 
plying that any local control sample designed to study high- 
redshift LCBGs is to be made of galaxies not showing the 
[OIII]A4363 line. If one observes a distant LCBG and is 
unable to detect the [OIIIJA4363 line, it is likely that this 
object will present a massive underlying stellar population, 
high metallicity and low ionization. 
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